The role of microRNAs (miRNAs) in peritoneal transport is uncertain. Methods: We studied 82 new peritoneal dialysis (PD) patients, 22 prevalent patients without ultrafiltration problem, and 6 patients with documented ultrafiltration problem. Peritoneal transport was determined by standard peritoneal equilibration test (PET). RNA was extracted from the PD effluent after PET, and intra-peritoneal expression of miRNA targets were quantified. 
Introduction
Peritoneal dialysis (PD) is the first-line treatment of end stage kidney disease in Hong Kong [1] . The success of PD depends on the sustained ability of the peritoneum to act as a semi-permeable membrane [2] , and peritoneal failure is the major cause of technique failure in PD patients.
Peritoneal failure is characterized by new vessel formation, loss of mesothelial surface area, and depo-sition of extracellular matrix. Peritoneal mesothelial cell (PMC) is important in the homeostasis of the peritoneal membrane, and plays active roles in the synthesis and remodeling of extra-cellular matrix [3] . Previous studies show that PMC undergoes transdifferentiation from epithelial to fibroblast-like phenotype after prolonged PD [4, 5] . In fact, soon after dialysis is initiated, PMC undergo epithelial-mesenchymal transition (EMT), with a progressive loss of epithelial morphology [5] . However, the detailed mechanism of mesothelial cell EMT is incompletely understood.
Recently, the importance of microRNAs (miRNAs) in the process of EMT is being recognized. MicroRNAs are a family of 21-to 25-nucleotide, non-coding small RNAs that primarily function as gene regula-tors [6, 7] by interacting with multiple mRNAs and inducing either translation suppression or degradation of mRNA [6, 7] . Previous experiments showed that miRNAs are involved in the regulation of cell-cycle progression, apoptosis, DNA repair, and angiogenesis in many organ systems [8] [9] [10] . Recent data suggest a pivotal role of miRNA in the regulation of epithelial EMT. For example, in murine epithelial cell models of TGF-β-induced EMT, members of the miR-200 family and miR-205 were repressed during EMT, while over-expression of this family hindered EMT by enhancing E-cadherin expression through direct targeting of zinc-finger E-box binding homeobox 1 (ZEB1) and ZEB2, which encode transcriptional repressors of Ecadherin [11] [12] [13] . However, the role of miRNA in peritoneal transport or EMT of peritoneal mesothelial cells is not well understood. In this study, we examined the relationship between miRNA expression in PD effluent and clinical peritoneal transport in peritoneal dialysis patients.
Patients and methods

Overall arrangement
We studied 82 consecutive new PD patients in our unit from May 2009 to December 2010. Patients who are unlikely to survive for 6 months, who are planned to have elective living donor transplant or transfer to other renal center within 6 months will be excluded. As part of the regular medical care, all patients required standard peritoneal equilibration test (PET) and dialysis adequacy assessment around 4 weeks after they were stable on PD. In addition, we studied 28 prevalent PD patients who had clinical problem of ultrafiltration and needed PET (either suspected peritoneal failure because of recurrent hospital admission for fluid overload or a history of recurrent peritonitis). Patients with recent peritonitis were studied at least 4 weeks after completion of antibiotics. After written informed consent, we collected an extra 50 ml of peritoneal dialysis effluent (PDE) sample for miRNA study at the end of the PET. This study was approved by the Clinical Research Ethics Committee of our university.
Peritoneal equilibration test (PET)
We used the standard PET as described by Twardowski [14] . All patients were in euvolemic state during PET. Drainage and ultrafiltration volumes (UF) at 4 hour were documented. Dialysate-to-plasma ratios of creatinine (D/P) at 0, 2, and 4 hours were calculated after correction of glucose interference [15] . Mass transfer area coefficients of creatinine (MTAC) normalized for body surface area (BSA) was calculated by the formula described by Krediet [16] . The results of PET were plotted on a PET graph, and patients were classified into fast, fast-average, slow-average and slow transporter [14] . In addition, we measured the dialysate total protein level as a marker of peritoneal transport for large molecules [17] .
miRNA extraction from PDE
The methods of RNA extraction from body fluid have been described previously [18] . Briefly, PDE specimen was collected and sent to laboratory for processing immediately or stored in 4
• C overnight. PDE sample was centrifuged at 3000-g for 30 minutes and at 13000-g for 5 minutes at 4
• C. The centrifuge sediment was lysed by RNA lysis buffer (Qiagen Inc, Ontario, Canada). Specimens were then stored at −80
• C until use. MirVana TM miRNA isolation kit (Ambion, Inc. Austin, TX, USA) was used for the extraction of total RNA from PDE sediment according to the manufacturer's protocol. Our previous data showed that the integrity of RNA isolated from body fluid by this method was adequate for real time quantitative polymerase chain reaction (RT-QPCR) [19] .
RT-QPCR
Based on previous studies on the potential miRNA species that contribute to the process of EMT [20] , we studied the following miRNA targets: miR-15a, miR-17, miR-17-92, miR-21, miR-30, miR-192, miR-216a, miR-217, and miR-377. PDE expression of these specific microRNA species was quantified by RT-QPCR using the ABI Prism 7900 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Commercially available Taqman primers and probes, including 2 unlabeled PCR primers and 1 FAM TM dyelabeled TaqMan MGB probe were used for all the targets (all from Applied Biosystems). RNU48 (Applied Biosystems) was used as house-keeping genes to normalize the microRNA expression. Results were analyzed with Sequence Detection Software version 2.0 (Applied Biosystems). The ΔΔC T method for relative quantitation was used.
Statistical analysis
Statistical analysis was performed by SPSS version 15.0 software. Results were expressed as mean ± SD for normally distributed data and median and range for skewed data. Since the gene expression data were highly skewed, data between group were compared by Mann Whitey U test, subgroup were compared by ANOVA, and comparisons between gene expression in PDE and peritoneal transport parameters were performed by the Spearman's partial correlation coefficient. All P-values were corrected for multiple comparison by the Bonferroni method. P-value below 0.05 was considered statistically significant. All probabilities were two-tailed.
Results
We studied 110 PD patients; 82 were new and 28 prevalent PD patients. Amongst the 28 prevalent patients, 6 had documented ultrafiltration problem by PET (UF fail group), while the other 22 had no objective ultrafiltration problem (prevalent group). The demographic and baseline clinical information are summarized in Table 1 . Their baseline biochemical, peritoneal transport, and dialysis adequacy parameters are compared and summarized in Table 2 . In short, most of the baseline clinical and biochemical parameters were highly comparable between the groups, except the prevalent cases had been on PD longer and had a lower residual GFR. In addition, diabetes and pre-existing cerebrovascular disease were more common in prevalent and UF failure cases. As expected, the UF failure cases had higher D/P at 4 hours and MTAC creatinine, as well as lower ultrafiltration volume than the other groups.
Difference between groups
We attempted to measure the expression of miR15a, miR-17, miR-21, miR-30, miR-216a, miR-217 and miR-377 in PDE. However, no detectable expres- Table 3 Internal correlations between PDE expression of miRNA targets sion of miR-216a and miR-217 was found in all samples. There was a close internal correlation between the PDE expressions of the other targets (Table 3) . We noticed that PDE expression of miR-30 had a significant correlation with residual GFR (r = −0.290, p = 0.010). PDE expression of other miRNA targets did not correlate with patients' age, duration on dialysis, Charlson comorbidity score, other baseline biochemical or dialysis adequacy parameters (details not shown). PDE expression of individual miRNA targets are summarized Fig. 1 . In essebce, the three groups had a different peritoneal expression of miR-15a (Kruskal Wallis test, p = 0.049), miR-21 (p = 0.006), and miR-192 (p = 0.092), although the difference in miR-192 did not reach statistical significance. In contrast, PDE expression of miR-17, miR-30 and miR-377 were similar between new, prevalent, and UF falure cases.
Relation with peritoneal transport
Since there was no substantial difference in the peritoneal transport characteristics between new and preva- 
Relation with change in peritoneal transport
PET was repeated one year after the initial assessment in 7 randomly selected patients, and we explored the relation between baseline PDE miRNA expression and the change in peritoneal transport characteristics after one year. In short, there was a significant correlation between baseline PDE expression of miR-377 and change in ultrafiltration volume (r = −0.852, p = 0.015) (Fig. 3) . Amongst all miRNA targets that we examined, PDE expression of none of them correlated with the change in D/P in 4 hour or MTAC creatinine over 12 months.
Discussion
In the study we found that the miR-15a, miR-17, miR-21, and miR-192 expression in PDE was substantially higher in prevalent patients (who either had suspected ultrafiltration problem or recently peritonitis) than new PD patients, while PDE expression of miR-17, miR-192 and miR-377 inversely correlated with the peritoneal transport characteristics. Notably, the PDE level of many of the miRNA targets tested in this study had a close internal correlation, suggesting that their expressions are under a common control mechanism. Our results are consistent with previous studies in chron- ic kidney diseases, which generally indicated that the above miRNA species are probably related to renal fibrosis and epithelial-mesenchymal transition (EMT) of renal tubular cells [20] . For example, Lee et al. [21] found that miR-15a modulates the expression of the cell-cycle regulator Cdc25A and affects cystogenesis in a rat model of polycystic kidney disease. In experimental diabetic nephropathy, Zhang et al. [22] found that miR-21 prevents mesangial cell proliferation, Kato et al. [23] showed that miR-192 modulates transforming growth factor-beta (TGF-β)-induced collagen expression via inhibition of E-box repressors, while Wang et al. [24] noted that miR-377 leads to increased fibronectin production in diabetic nephropathy. Taken together, our results indicate that, similar to renal fibrosis in chronic kidney diseases, these miRNA species may also be critical in the control of peritoneal transport and contribute to progressive peritoneal fibrosis. Our result may also suggest that these miRNA targets may have the potential of being developed as biomarkers of peritoneal failure, but the exact role in this aspect deserves further study.
It is important to realize that we quantified the miR-NA levels in PDE sediments after centrifugation, which essentially represents intra-cellular miRNA. Although peritoneal membrane is permeable to miRNA, and circulating free miRNAs could gain entrance to the peritoneal cavity, these miRNAs should remain extracellular (i.e. present in dialysate supernatant after centrifugation) and are not detected in the present study. For this reason, we did not correct for the corresponding plasma miRNA levels, and the result should not be affected by a difference in the peritoneal permeability to large molecules.
Unfortunately, we did not observe any difference in ultrafiltration or transport parameters between the incident patients and those with ultrafiltration problem. The underlying reason for this intriguing finding remains obscure. It is possible that our sample size was small and the lack of difference may represent a type 2 statistical error. On the other hand, since ultrafiltration problem was defined clinically in our study (see Patients and Methods), it is possible that some of these patients might actually have gradual loss of residual renal function or suboptimal compliance to fluid restriction rather than a problem of peritoneal transport. It would have been ideal to compare prevalent PD patients with and without genuine ultrafiltration problems, but the group of prevalent patient in our study was too small for post hoc subgroup analysis.
Since most of the interesting targets we identified contributed to the process of EMT, our results indirectly support the notion that EMT is important in the determination of longitudinal change of peritoneal function. Our finding is consistent with the report of Yanez et al. [4] , who reported that at the same time dialysis is initiated, peritoneal mesothelial cells underwent EMT, with a progressive loss of epithelial morphology and a decrease in the expression of cytokeratins and E-cadherin through an induction of the transcriptional repressor snail and up-regulation of expression of α2 integrin, and TGF-β plays a critical role in this process. Recent studies in chronic kidney diseases suggest that miR-192 and miR-377 are critical in the process of TGF-β-induced fibrosis and EMT. Notably, TGF-β1 up-regulated miR-192 in rat tubular epithelial cells in vitro [25] . Over-expression of miR-192 amplified TGF-β1-induced tubular collagen I expression, while inhibition of miR-192 blocked tubular collagen I expression in response to TGF-β1 [25] . On the other hand, miR-377 was found to be up-regulated in cultured human and mouse mesangial cells by levels of glucose and TGF-β, and in animal models of type I diabetes [24] . In turn miR-377 reduced expression of serine/threonine protein kinase PAK1 and superoxide dismutase, which subsequently led to augmented fibronectin protein production [24] . In addition, miR-377-mediated reduction in superoxide dismutase expression may result in increased oxidative stress that could also trigger fibrosis [24] .
There are several limitations in our study. First, the choice of miRNA target for the study was diffi-cult. In our present study, we quantified miR-15a, miR-17, miR-17-92, miR-21, miR-30, miR-192, miR-216a, miR-217, and miR-377 because previous studies in other organ systems suggest that they are involved in the process of EMT [20, 26] . We believe further research should be performed by a hypothesis-free technology (for example, microarray) in order to explore all relevant miRNA species involved in peritoneal biology. In addition, since our sample size was relatively small, and the correlations between some of the miRNAs and peritoneal transport parameters were weak, our results need to be interpreted with caution.
Second, we used new PD patients as the comparator for prevalent cases with ultrafiltration problem, while, at least in theory, a better control group would be prevalent PD patients without ultrafiltration problem. In theory, if miRNA is a good marker of EMT in peritoneal membrane, they should have significant changes in patients on long term PD and evelop ultrafiltration problems, while EMT is unlikely to happen in new PD patients. In addition, any difference we found may therefore represent the effects of chronic exposure to a high glucose concentration. Unfortunately, we do not routinely test the peritoneal transport of prevalent PD patients without ultrafiltration problem and such data are not available.
In addition, we examined the total miRNA expression in dialysis effluent, and the cellular origin of the miRNA was not confirmed. However, our previous study showed that macrophage and mesothelial cells are the major cell types in the effluent of stable PD patients [27] . Since all patients in this study were free of peritonitis for over one month (see Methods), inflammatory cells should have little contribution to the miRNA. Further study is needed to confirm the relative contribution of individual miRNA species by each cell type. Similarly, our study is observational, and we did not prove the link between miRNA expression and peritoneal transport. Since the sample size was small for the longitudinal change in peritoneal transport, further studies of larger sample size and prospective follow up are needed to clarify the role of miRNA in this aspect.
In summary, we found that miRNA expression in PDE, including miR-15a, miR-17, miR-21, miR-30, miR-192, and miR-377, correlated with peritoneal transport characteristics in a various degree. Our result suggests that miRNA may play a role in the regulation of peritoneal membrane function.
